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Objective: to assess the optimal cut-off values of toe blood pressure (TBP) and transcutaneous oxygen pressure (TcpO2)
in the supine and sitting positions, in order to accurately detect the presence of severe leg ischaemia requiring invasive
treatment.
Methods: in 49 consecutive patients (65 legs) with severe ischaemia according to clinical symptoms of Fontaine III or
IV and a lowered ankle blood pressure, TBP and TcpO2 were measured in the supine and sitting positions. Treatment
within 6 weeks after the diagnosis was classified as either conservative or invasive (revascularisation or amputation).
Results: of the 65 legs, 38 (58%) required invasive treatment. The mean ankle pressure for this group was 70 mmHg.
The optimal cut-off value for TBP was 38 mmHg and for TcpO2 35 mmHg. A TBP of Z30 mmHg and a TcpO2
Z25 mmHg while supine, showed likelihood ratios (LR) of 7.0 and 3.3, respectively, and when combined an LR of 12.4.
Measurements in the sitting position did not enhance diagnostic power.
Conclusions: the need for invasive therapy in patients with severe leg ischaemia might be predicted by measuring TBP
and TcpO2, using the above-mentioned cut-off values.
Key Words: Critical limb ischaemia; Diagnosis; Ankle blood pressure; Toe blood pressure; Transcutaneous oximetry; Cut-
off values; ROC-analysis; Likelihood ratio; Posture.
Introduction rest pain or ulcers are not caused by arterial in-
sufficiency. Peripheral blood pressure measurements
The decision to treat severe arterial insufficiency of are helpful to obtain more confidence as the presence
the leg is usually made when the surgeon judges that of (severe) leg ischaemia. However, these parameters
the viability of the leg is jeopardised. In general, this also have a limited value: in patients with media
judgement is made on the basis of the clinical picture sclerosis,3,4 especially in diabetics,5 after an amputation
and peripheral blood pressure data, yielding the dia- and in low-flow states.6 Furthermore, CLI may well
gnosis “critical limb ischaemia” (CLI). However, the exist despite an ankle pressure >50 mmHg or a toe
definition of CLI is not that clear. When attempting to pressure of >30 mmHg.7,8 In a previous study the ankle
define CLI one may focus on several entities, such blood pressure was found to have a very low predictive
as clinical symptoms, blood pressure parameters, the value as to the presence of CLI that required invasive
need for a vascular intervention, outcome prediction therapy within 1 month when this cut-off value
or imminence of an amputation. The European Con- (Z50 mmHg) was applied.9 Hence, the ECD cut-off
sensus Document (ECD) has chosen to define CLI on values for blood pressure parameters, in order to
the basis of clinical findings according to Fontaine1 effectively appreciate the presence of CLI, are de-
and peripheral blood pressure measurements, but the batable.
ECD does not explicitly refer to which or when therapy Measuring peripheral blood pressures may be dif-
is indicated.2 ficult, especially in severe ischaemia when pressures
The Fontaine stages are the first and foremost criteria are low. This may be ameliorated by measurements
to describe the severity of arterial insufficiency for in the sitting position, since the increased orthostatic
physicians involved with patients suspected of CLI. blood pressure while sitting is likely to facilitate de-
However, this clinical classification has its flaws when
tection of the pulse wave by Doppler or photo-
plethysmographic techniques. Also, other diagnostic
* Please address all correspondence to: D. Th. Ubbink, Department tools have been proposed in order to enhance dis-of Surgery, Suite G4-105, Academic Medical Centre, P.O. Box 22700,
1100 DE Amsterdam, The Netherlands. crimination of the severity of the disease, including
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skin microcirculatory investigation,10,11 especially were blinded for the TcpO2 and toe-pressure results.
transcutaneous oxygen tension measurements.7,12,13 When the responsible vascular surgeon intended to
Thus far, a variety of cut-off values has been proposed treat invasively, duplex investigation and/or angio-
to define critical ischaemia.11,14–16 One of the reasons graphy of the aortoiliac and femoropopliteal arteries
for this variation is the different interpretation of was performed. The outcome of the decision as to the
“CLI”. A consensus as to the definition of CLI is, required therapy was registered as either conservative
nevertheless, desired in order to define objective treatment (i.e. local wound care, analgesics, antibiotics,
patient groups in comparative studies and to avoid or toe amputation) or an invasive therapeutic inter-
confusion due to the different interpretations of CLI. vention (i.e. vascular reconstruction, angioplasty or
Given the above-mentioned considerations, the di- primary amputation) within 6 weeks of the diagnosis,
lemma remains whether the clinical impression of the since the presence of critical ischaemia was regarded
presence of “CLI” is sufficient to decide for invasive (arbitrarily) as requiring an intervention within that
treatment or whether, on the other hand, additional period. If contraindications prevented an intervention,
objective pressure parameters should be a prerequisite the patient remained part of the “intervention” group,
in this decision. Therefore, in this study we attempted and was still regarded as requiring invasive therapy.
to establish optimal cut-off values of toe blood pressure The patients were investigated in the supine and
and transcutaneous oxygen pressure (TcpO2) para- the sitting position after acclimatisation in a room with
meters, as measured in the supine and the sitting a temperature between 22 and 23 °C. Ankle systolic
position, in order to accurately detect the presence or blood pressures in the dorsal pedal and posterior tibial
absence of CLI, defined as chronic severe arterial arteries were measured using an 8 MHz Doppler probe
insufficiency requiring short-term invasive treatment. (Sto¨pler, PV lab, Burbank, CA, U.S.A.) and a cuff
(width: 12 cm) around the ankle. Ankle pressure was
defined as the highest value of the two ankle arteries
Patients and Methods measured. The ankle-to-brachial blood pressure index
(ABPI) was calculated by dividing the ankle pressure
Over a 1-year period, a consecutive series of 49 patients by the highest brachial blood pressure, measured byreferred to the vascular laboratory was prospectively
means of an automatic blood pressure monitor (Cri-investigated with uni- or bilateral clinical symptoms
tikon, DynamapÔ Plus, Tampa, FL, U.S.A.), and wasaccording to Fontaine stages III (n=23) or IV (n=26).
expressed as a percentage. Toe systolic pressures werePatients with an acute arterial occlusion or clinically
measured in the big and second toe by means ofmanifest venous insufficiency were excluded. Thus,
photoplethysmography17 (Sto¨pler, PV lab) and a digital27 males and 22 females with 65 clinically severe
cuff with a width of 1.9 or 2.5 cm, depending on theischaemic legs participated in the study after informed
size of the toe. The highest pressure of both toes wasconsent. The patients’ mean age was 72 years (range:
taken as the toe pressure. TcpO2 (Radiometer, TCM3,47–94 years). Diabetes was present in 22 (45%) of the
Copenhagen, Denmark) was measured on the dorsumpatients, smoking in 22 (45%), hypertension in 19
of the foot at an electrode temperature of 44 °C.(40%), cardiac diseases in 14 (29%), cerebrovascular
The results of the non-invasive measurements weredisorders in 12 (24%) and hypercholesterolaemia in
compared with the therapeutic action taken in orderseven (18%) of the patients.
to define in retrospect the best suitable parametersIn the present study the need for invasive therapy
and their cut-off values for the assessment of CLIwithin 6 weeks after the diagnosis was used as a gold
that needs therapeutic intervention. For this purposestandard for the presence of CLI. Because the choice
receiver–operator characteristic (ROC) curves18 werefor invasive treatment does not necessarily imply its
drawn for the parameters obtained in both positions.effectiveness, the validity of this gold standard was
The diagnostic power of the parameter to detect CLIascertained by assessing the incidence of major am-
requiring treatment was expressed as the surface areaputations (of the foot or higher) in the year after the
under the curve (ranging from 0.5 [indifferent] and 1therapeutic intervention. Amputations in the patients
[perfect agreement]) and the accompanying sensitivitytreated conservatively would indicate an incorrect
and specificity related to the optimum cut-off value,therapy choice. In addition, peripheral blood pressure
chosen on the basis of the highest accuracy. Sub-and TcpO2 were assessed within 1 week after invasive
sequently, likelihood ratios were calculated to assesstreatment, to appreciate its effectiveness.
whether the diagnostic test results would generate aIn our department, the decision regarding invasive
substantial change from pre-test to post-test prob-or conservative treatment was based on clinical find-
ings and ankle blood pressures. The surgeons involved ability19 for the presence of CLI requiring invasive
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Table 1. Arm, ankle, and toe blood pressures and TcpO2 in patients of the invasively and conservatively treated
groups as measured in the supine and sitting positions. Data are expressed as means (standard deviation). ABPI=
ankle/brachial blood pressure index.
Parameter Conservative treatment p-value* Invasive treatment
Brachial pressure (mmHg) Supine 164 (28) 0.11 152 (27)
Sitting 157 (29) 0.19 148 (24)
Ankle pressure (mmHg) Supine 125 (37) <0.001 70 (42)
Sitting 162 (29) <0.001 110 (44)
ABPI (%) Supine 77 (23) <0.001 46 (25)
Sitting 104 (25) 0.002 76 (33)
Toe pressure (mmHg) Supine 72 (39) <0.001 24 (24)
Sitting 127 (46) <0.001 51 (46)
TcpO2 (mmHg) Supine 37 (13) 0.001 23 (19)
Sitting 49 (15) 0.04 38 (20)
Critical limb ischaemia** 2 (7%) 0.002 24 (63%)
* Paired Student’s t-test.
**Number of legs with CLI, as defined by the European Consensus Document.
treatment. For this purpose, the results of each para- for the brachial blood pressure) increased significantly
meter were divided in three levels: indicating CLI, after changing to the sitting position, as a result of the
indifferent, and indicating no CLI. Separation of these orthostatic pressure increase. Age, gender, Fontaine
levels was done by taking an (approximately) equi- stage, ulcer size, as well as the presence of diabetes,
distant range around the optimum cut-off values de- did not differ significantly between the two treatment
rived from the ROC curves for each parameter. Then groups. Patients who underwent invasive treatment
the LR was calculated for each level (LR for CLI: showed significantly worse peripheral blood and oxy-
% true-positive/% false-negative rate; LR for no CLI: gen pressures than those treated conservatively. Re-
% true-negative/% false-negative rate). Statistical ana- vascularisation caused a significant increase in systolic
lysis of the significance of differences between the blood pressure, ABPI, toe pressure (70fi113 mmHg,
results in the supine and sitting positions was per- 46fi82% and 24fi57 mmHg, respectively; p<0.002),
formed by means of the independent samples t-test and TcpO2 (23fi37 mmHg; p<0.04), all as measured in
after having tested for skewness. the supine position.
The relation of toe pressures and TcpO2 results
between the supine and sitting positions are shown
as scatter plots in Figs 1a and 1b. The toe pressuresResults
showed a more or less linear relationship between
both positions with a mean intercept (i.e. increaseOf the 65 severely ischaemic legs included, 38 (58%)
upon dependency) of about 25 mmHg. The TcpO2required invasive therapy. Hence, the pre-test prob-
relationship showed a somewhat logarithmic courseability for invasive treatment was 0.58. All but two
and had a wider divergence from the mean. To assessunderwent an intervention within 1 month. Two
the optimal parameters and cut-off values to detectpatients had contraindications for intervention. No
CLI requiring invasive therapy, ROC-curves for themajor amputations in the conservative group and four
toe and oxygen pressures measured in the supine andin the invasively treated group were observed in the
sitting positions are presented in Figures 2 and 3. The1-year period after the diagnosis. These occurred after
best diagnostic values were seen with the toe pressure3 days (primary amputation), and after 2, 4 and 21
in the supine position. In the sitting position, the areasweeks. No sympathectomies were performed during
under the curve for each parameter were lower thanthe follow-up period.
while supine (Table 2). The optimal cut-off values andThe supine and sitting brachial, ankle, and toe blood
corresponding diagnostic values are shown in Table 2.pressures and TcpO2 in both treatment groups are
The LRs for each optimal cut-off value were somewhatshown in Table 1. Forty per cent of the legs included
higher while supine than while sitting.complied with the definition of CLI according to the
The LRs after dividing the results of each parameterEuropean Consensus. Although the vast majority
into three levels are shown in Table 3. Applying a cut-(93%) of patients treated conservatively did not have
off value of Z30 mmHg for the toe pressure in theCLI according to the European Consensus, a con-
supine position produced a substantial elevation ofsiderable number of patients (37%) without CLI were
treated invasively. As expected, all parameters (except the probability that CLI exists (LR=7.0). On the other
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would then have been treated conservatively instead
of invasively, and the other four vice versa.
Measuring in the sitting position did not appear to
enhance the diagnostic value of the tests as compared
with those in the supine position. However, in the
sitting position all patients were ruled in as having
CLI requiring treatment when toe pressure was Z70
and TcpO2 Z40 mmHg.
Discussion
This study shows that “critical limb ischaemia”, when
defined as severe arterial insufficiency according to
the clinical Fontaine stage and ankle blood pressures,
does not imply the necessity for invasive treatment,
because of its low (58%) pre-test probability. The ad-
ditional measurement of toe blood pressures and/or
TcpO2 help this decision, because they substantially
increase the pre-test probability: we found likelihood
ratios for a toe pressure below 30 mmHg of 7.0, for a
TcpO2 below 25 mmHg of 3.3, and for the combination
of both of 12.4, as measured in the supine position.
The percentage of patients who received invasive
therapy in this study may seem relatively low, since
all patients with true critical limb ischaemia should
require some form of intervention. This percentage
may vary among different centres and surgeons, de-
pending on their interpretation of the clinical symp-
toms, which may be confounded by other diseases.
On the other hand, an ischaemic ulcer with a healing
tendency may be treated just as well with watchful
waiting and local wound care in patients with relativeFig. 1. Scatter plots of the supine and sitting toe pressures (1a) and
contraindications for invasive treatment. Furthermore,TcpO2 (1b), including the regression lines and 95% confidence
intervals of the mean and individual results. Each stripe on a data patients were included on the basis of rest pain and/
circle represents one case. or ischaemia ulceration, but not necessarily with blood
pressures below the European Consensus cut-off cri-
teria. This may also explain the relatively high anklehand, a toe pressure [50 mmHg ruled out the pres-
ence of CLI with a considerably high probability pressures as found in this patient group.
A definition of CLI is necessary to objectively ap-(LR=0.15). While sitting, the same was true when
toe pressure was Z70 or [110 mmHg. The TcpO2 preciate whether “critical” refers to either the clinical
symptoms, certain pressure parameters measured, theproduced similar findings, but with lower LRs in both
positions. Combination of the toe pressure and TcpO2 need for invasive treatment, or the prediction of treat-
ment outcome.20 In this study “critical limb ischaemia”parameters improved the predictive values for the
presence of CLI substantially (supine position: LR= was defined as severe leg ischaemia requiring invasive
treatment within 6 weeks, including primary am-12.4). All patients who underwent an amputation dur-
ing follow-up had a toe pressure and TcpO2 below the putation. This also included those patients in whom
invasive treatment was indicated, but could not becut-off values, except for the patient undergoing a
primary amputation, who had a TcpO2 of 38 mmHg. implemented due to absolute contraindications for
operation. The effectiveness of the treatment given,If a combination of the toe pressure and TcpO2, using
the ROC-derived cut-off values, had been used to judged by the amputation rate in both treatment
groups, and thus the integrity of the gold standard,decide for invasive treatment, eight patients (12%)
would have received another form of treatment: four appeared to be good. This definition of CLI seems the
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Fig. 2. ROC curves of the toe blood pressure in the supine (2a) and the sitting (2b) position. Some cut-off values are indicated with an
asterisk.
Fig. 3. ROC curves of the TcpO2 in the supine (3a) and the sitting (3b) position. Some cut-off values are indicated with an asterisk.
Table 2. Optimal cut-off values and corresponding diagnostic values of the different parameters in both positions to
detect ischaemia requiring invasive treatment. Area=surface area under ROC-curve; SE=standard error; PPV=positive
predictive value; NPV=negative predictive value; LR=likelihood ratio.
Parameter Optimal cut-off Area (SE) Sensitivity Specificity PPV NPV LR
value
Toe pressure Supine 38 mmHg 0.87 (0.05) 82% 83% 82% 76% 4.70
Sitting 85 mmHg 0.87 (0.05) 77% 81% 86% 71% 4.06
TcpO2 Supine 35 mmHg 0.75 (0.06) 72% 68% 76% 63% 2.44
Sitting 49 mmHg 0.70 (0.07) 67% 65% 76% 54% 1.90
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Table 3. Likelihood ratios for the presence of CLI requiring did not enhance the diagnostic power of the para-
invasive therapy for the different (combination of) parameters (in meters measured. This finding is supported by a pre-mmHg) as obtained in both positions.
vious study in which the TcpO2 was found to be able
Parameter Cut-off value Likelihood ratio to discern different stages of leg ischaemia particularly
Toe pressure (supine) Z30 6.97 in the supine position.11 Although the pressure meas-
30–50 1.00 urements may be facilitated while sitting, their diag-
[50 0.15
nostic value as to the indication for treatment is notToe pressure (sitting) Z70 7.11
70–110 0.79 improved. In addition, ankle, toe and oxygen pressures
[110 0.16 are measured at different locations, and hence may
TcpO2 (supine) Z25 3.30 have a different interpretation: a low oxygen tension25–40 0.93
[40 0.29 may indicate a local threatening of skin viability and
TcpO2 (sitting) Z40 3.03 a low toe pressure was found to indicate the need for
40–55 0.91
invasive therapy,22 whereas a reduced ankle pressure[55 0.40
Toe pressure and TcpO2 Z30 & Z25 12.4 may merely indicate the presence of arterial in-
(supine) Neither category 0.92 sufficiency.
[50 & [40 0.07
The application of toe and oxygen pressure meas-Toe pressure and TcpO2 Z70 & Z40 x
(sitting) Neither category 0.79 urements to date is not universal, probably because
[110 & [55 0.20 some knowledge and expertise in these techniques is
required. The reliability of plethysmographic tech-
niques is limited in certain circumstances: e.g. when
most useful and practical for doctors dealing with digital temperature is low. The TcpO2 measurement is
these patients. So far, various other definitions of fairly reproducible23,24 as long as stable measuring
critical ischaemia have shown poor predictive values conditions are provided. The spatial variability of
as to treatment choice and outcome.21 TcpO2 measurements while ischaemia may be patchy
Non-invasive measurement can play an important could have been a cause for the lower diagnostic
role in decision-making, provided that other cut-off power, as compared with the toe pressure results.
values, such as those proposed in this study, are Despite these possible drawbacks, these methods ap-
used rather than the European consensus criteria. The peared to offer useful information additional to stand-
significant difference in ankle blood pressures between ard clinical and blood pressure parameters. The
the invasive and conservative treatment groups sug- techniques are therefore valuable in centres that are
gests that the surgeons did take some note of the ankle more frequently involved with vascular patients in
blood pressure (being the only parameter disclosed) more complex or unclear situations.
in the choice for invasive treatment, although the mean In conclusion, for patients with clinically severe leg
ankle pressure in the patients treated invasively was ischaemia, the need for invasive treatment may be
rather high (70 mmHg). This suggests that a high ankle predicted by means of toe rather than an ankle blood-
pressure did not deter surgeons from undertaking pressure measurement in the supine position. Trans-
invasive treatment. In contrast, the presence of a toe cutaneous oxygen pressure measurements may be
pressure less than 30 mmHg and a partial oxygen added to further increase the differentiation between
pressure of less than 25 mmHg substantially increases the existence or absence of severe leg ischaemia re-
the likelihood that ischaemia is severe enough to re- quiring invasive treatment.
quire invasive treatment.
The likelihood ratio used in this study is a relatively
new parameter that offers more information for the
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